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WKHSURSHUWLHV RI WKHPDWHULDO DUH XQGHUVWRRG DV EHVW DV SRVVLEOH WR NQRZ WKH OLIHVSDQRI WKH FRPSRVLWH
VWUXFWXUH7KHDJHLQJRIFRPSRVLWHVDOWHUWKHSURSHUWLHVRIWKHPDWHULDOWKXVLQIOXHQFLQJWKHGXUDELOLW\RI
WKHPDWHULDO'XULQJWKHDJHLQJSURFHVVWKHPDVVLVHLWKHUJDLQHGRUORVVGHSHQGLQJRQWKHW\SHRIDJHLQJ
WUHDWPHQWDSSOLHG5D\>@IRXQGWKDW WKHKLJKHUWKHWHPSHUDWXUHDWDFHUWDLQUHODWLYHKXPLGLW\ WKHPRUH
PRLVWXUH LV DEVRUEHG 7KH DEVRUEHG ZDWHU PROHFXOHV DUH NQRZQ WR KDYH DQ HIIHFW RQ WKH FRPSRVLWH
VWUXFWXUHV HVSHFLDOO\ LQ ORQJWHUPXWLOL]DWLRQ >@ $Q LPSDFW FDQ RFFXU DW DQ\ WLPH GXULQJ IDEULFDWLRQ
SURGXFWLRQRUXWLOL]DWLRQ$ ORZYHORFLW\LPSDFWPD\EHXQGHWHFWDEOHYLVXDOO\EXWPD\FDXVHGDPDJHWR
WKHVWUXFWXUHRIWKHFRPSRVLWHPDWHULDOWKXVDIIHFWLQJLWVGXUDELOLW\DVVWDWHGE\$EUDWH>@7KHVWDFNLQJ
VHTXHQFHSOD\VDSDUWLQWKHH[WHQWRIWKHGDPDJHGXHWRLPSDFW+LWFKHQDQG.HPS>@UHODWHGWKHGDPDJH
GLVWULEXWLRQWRWKHHQHUJ\DEVRUSWLRQFKDUDFWHULVWLFVIRUHDFKVWDFNLQJVHTXHQFHDQGIRXQGWKDWWKHUHVLGXDO
HQHUJ\DEVRUEHGLQFUHDVHGOLQHDUO\ZLWKWRWDOGHODPLQDWLRQDUHD&DSULQRHWDO>@ZDVDEOHWRILQGDOLQHDU
UHODWLRQEHWZHHQWKHH[WHQWRIWKHGHODPLQDWLRQWRWKHHQHUJ\DEVRUEHGWKHWKLFNQHVVRIWKHVSHFLPHQDQG
WKHSURMHFWLOHGLDPHWHUKDYLQJQRHIIHFW$VVHVVLQJWKHH[WHQWRIGDPDJHGXHWRLPSDFWYLDQRQGHVWUXFWLYH
WHVWLQJDUHSURYHQXVHIXOIRUDIDVWSUHOLPLQDU\H[DPLQDWLRQRIGDPDJHGXHWRLPSDFW>@
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PDVVRIWKHILEHULVJPDQGWKHPDWUL[LV5ZKLFKWDNHVDERXWRIWKHPDWHULDO7KHUHDUH
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WKH4,4+RDQG4,4+RKDYHDQLGHQWLFDO LQSODQHDQGEHQGLQJVWLIIQHVVZKHUHDV IRU$HURWKHKDV
WKHVDPHLQSODQHVWLIIQHVVEXWWKHEHQGLQJVWLIIQHVVYDULHVDELW
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VTXDUHVSHFLPHQVIURPRQHFRPSRVLWHSODWH7KHVLGHVRIHDFKVSHFLPHQDUHFRYHUHGZLWKDOXPLQLXPIRLO
DVLQ)LJLQRUGHUWRSUHYHQWPRLVWXUHGLIIXVLRQWKURXJKWKHVLGHVRIWKHVSHFLPHQWKXVRQO\REWDLQLQJ
PRLVWXUHGLIIXVLRQLQWKHWUDQVYHUVHGLUHFWLRQ7KHDOXPLQLXPIRLOLVJOXHGWRWKHVSHFLPHQZLWKWKHDLGRI
DUDOGLWH$WKLQOD\HURIDUDOGLWHLVDSSOLHGWRWKHH[SRVHGVLGHVDOXPLQLXPIRLOLVSODFHGRQWRSDQGWKH
VSHFLPHQLVGULHGLQDQRYHQDWDWHPSHUDWXUHRIR&IRUKRXUV
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7KH VSHFLPHQV ZHUH ZHLJKHG EHIRUH FRPPHQFLQJ WKH DJHLQJ SURFHVV $JHLQJ ZDV FDUULHG RXW DW D
WHPSHUDWXUHRIR&DWDUHODWLYHKXPLGLW\RILQDFOLPDWLFFKDPEHU7KHVSHFLPHQVZHUHZHLJKHG
UHJXODUO\GLUHFWO\DIWHUH[LWLQJWKHFOLPDWLFFKDPEHUEHIRUHWKHLPSDFWWHVW7KHVSHFLPHQZDVWDNHQRXWRI
WKH FOLPDWLF FKDPEHU DIWHU  GD\V  ZHHNV PRQWK  ZHHNV PRQWKV  ZHHNV DQG PRQWKV RI
DJHLQJ
,PSDFW7HVWDQG'DPDJH(YDOXDWLRQ
7KH LPSDFW WHVW ZDV FDUULHG RXW XVLQJ D IDOOLQJ ZHLJKW LPSDFW WHVW PDFKLQH ZLWK UHERXQG EUDNH
PHFKDQLVPSUHYHQWLQJ WKH UHERXQGLQJRI WKH LPSDFWRU7KH LPSDFWRU RI WKH LPSDFW WHVWPDFKLQHKDV D
DOXPLQLXP
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VHQVRUZKLFKLVFRQQHFWHGWRGDWDDFTXLVLWLRQHTXLSPHQWDQGFRQQHFWHGWRDFRPSXWHULQRUGHUWRUHFRUG
DOOWKHGDWDGXULQJLPSDFW7KHLPSDFWHQHUJ\LVVHWDW-ZLWKDQLPSDFWRUPDVVRINJDWWKHKHLJKW
RIIDOOP

7KHLPSDFWHGVSHFLPHQVZHUHDQDO\VHGXVLQJDQRQGHVWUXFWLYHPHWKRGWKDWLVXOWUDVRQLFDQDO\VLV&
VFDQ WR VHH WKH H[WHQW RI WKH GDPDJH FDXVHG E\ LPSDFW 7KH VSHFLPHQV ZHUH LPPHUVHG LQ ZDWHU DQG
VFDQQHGXVLQJD0+]WUDQVGXFHU7KHDFRXVWLFVLJQDODWWHQXDWLRQDQGWKHWLPHRIIOLJKWZHUHDFTXLUHG
LQ WKH SXOVHHFKR PRGH 7KH GLVWDQFH RI WKH FUDFN WKURXJK WKH VSHFLPHQ IURP WKH SRLQW RI LPSDFW LV
PHDVXUHGXVLQJ VLJQDO DWWHQXDWLRQPHDVXUHPHQWVZKHUHE\ WKH WLPHRI IOLJKW REWDLQV WKHSRVLWLRQRI WKH
GDPDJHLQWKHPDWHULDO8OWUDZLQVRIWZDUHZDVXVHGWRUHFRUGWKHWZRLPDJHVRIWKHGDPDJHJHQHUDWHG
LH³WLPHRIIOLJKW´DQG³DPSOLWXGH´7KHILUVWLPDJHLVDUHSUHVHQWDWLRQRIWKHGHODPLQDWHGLQWHUSO\DUHD
ZDVREWDLQHGZLWKFRORXUFRGLQJGHQRWLQJWKHGHSWKRIWKHGHODPLQDWLRQZLWKLQWKHVSHFLPHQDVLQ)LJ
7KHVHFRQGLPDJHREWDLQHGVKRZVWKHDPSOLWXGHRIWKHEDFNVXUIDFHHFKRZKHUHDQ\DPSOLWXGHEHORZD
WKUHVKROGRIRIWKHVRXQG]RQHVZDVFRQVLGHUHGDVGDPDJHG
5HVXOWVDQG'LVFXVVLRQ
$JHLQJFDXVHVDQLQFUHDVHLQWKHPDVVRIHDFKVSHFLPHQGXHWRPRLVWXUHGLIIXVLRQLQWRWKHFRPSRVLWH
PDWUL[$ VWHDG\ OLQHDU LQFUHDVH LV REVHUYHG XS WR DERXW ¥ DV YLHZHG LQ )LJ  DQG WKHQ LQFUHDVHV
VWHDGLO\VKRZLQJWKHEHJLQQLQJRIVWDELOL]DWLRQ7KHOLQHDULQFUHDVHRFFXUUHGDWDJUDGLHQWRIIURP
WRDERXW7KHPDVVWKHQLQFUHDVHGVWHDGLO\WRVWDELOL]DWLRQDWDERXW$OOWKUHHVWUDWLILFDWLRQ
DUHREVHUYHGWRKDYHWKHVDPHHYROXWLRQRIPDVVLQFUHDVHGXHWRDJHLQJDVDOOWKUHHVWUDWLILFDWLRQKDYHWKH
VDPHYROXPHRIILEHUDQGPDWUL[DQGRQO\KDYHPRLVWXUHGLIIXVLRQLQWKHWUDQVYHUVHGLUHFWLRQ

7KHGDPDJHDUHDLVSORWWHGDJDLQVWWLPHWRVHHWKHHIIHFWVRIDJHLQJRQWKHLPSDFWGDPDJHFDXVHG)RU
HDFKDJHLQJWLPHWKUHHUHVXOWVDUHUHFRUGHGDQGWKHDYHUDJHLWQRWHGLQWKHJUDSK$QDO\VLQJWKHJUDSKLQ
)LJWKHGDPDJHDUHDRI4,4+RLVJUHDWHUWKDQZKHQFRPSDUHGWRWKDWRI4,4+RDQG$(527KH
GDPDJHDUHDRI$(52DQG4,4+RVHHPVWREHFRQVWDQWZKHUHDVGDPDJHDUHDLQFUHDVHVVOLJKWO\ IRU
4,4+R7KHGDPDJHDUHDIRUDOOWKUHHVWUDWLILFDWLRQIDOOEHWZHHQDQGPP4,4+RKDVWKH
VPDOOHVWGDPDJHDUHDRIPP$(52PPDQG4,4+RKDVWKHELJJHVWZKLFKLQFUHDVHVOLQHDUO\
IURP  WR PP DW D JUDGLHQW RI  7KHUH LV QR LPSRUWDQW HIIHFW RI DJHLQJ RQ WKH GDPDJH DUHD
REVHUYHGDOWKRXJK4,4+RLVVHHQWRVOLJKWO\LQFUHDVH
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7ZRJUDSKVZHUHREWDLQHGIURPWKHLPSDFWWHVW)LJDEDQGFVKRZWKHJUDSKVRIIRUFHYHUVXV
WLPHIRUWKUHHDJHLQJWLPHVLHZHHNVPRQWKDQGZHHNV)LJDEDQGFVKRZWKHUHODWLRQVKLS
EHWZHHQIRUFHDQGGHIOHFWLRQIRUWKHVDPHWKUHHDJHLQJGXUDWLRQ WKXVHQDEOLQJWKHFRPSDULVRQIRUHDFK
FDVH

$QDO\VLQJWKHIRUFHWLPHGLDJUDPVLWLVREVHUYHGWKDWWKHUHLVDSRLQWRIUDSLGGHFUHDVHLQIRUFHDIWHU
WKHPD[LPXPIRUFHLVUHDFKHG7KLVSKHQRPHQRQKDVEHHQUHIHUUHGWRDVWKHGDPDJHWKUHVKROGORDG>@
ZKHUHWKHGDPDJHGXHWRLPSDFWDFWXDOO\RFFXUV&RPSDULQJWKHIRUFHWLPHGLDJUDPVIRUDOOWKUHHDJHLQJ
WLPHVLWLVREVHUYHGWKDWWKHVSHFLPHQLVEULWWOHIRUWKHDJHLQJWLPHRIWZRZHHNVWKDQZKHQFRPSDUHGWR
WKHRWKHUVDVWKHUHLVDELJJHUGHFUHDVHLQIRUFH7KHSHDNIRUFHLVGHQRWHGWREHEHWZHHQDQGN1
IRUWKHDJHLQJWLPHRIZHHNVDQGLVREVHUYHGWRGHFUHDVHE\WR
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$QDO\VLQJ WKH UHODWLRQVKLSEHWZHHQ IRUFHDQGGHIOHFWLRQ LW LVREVHUYHG WKDW WKHHQHUJ\ DEVRUSWLRQ LV
VHHQWRLQFUHDVHDVDJHLQJWLPHLQFUHDVHVE\FRPSDULQJWKHDUHDXQGHUWKHFXUYHIRUDOOWKUHHDJHLQJWLPH
7KHHQHUJ\DEVRUEHGE\$(52VHHPWREHJUHDWHUWKDQZKHQFRPSDUHGWRWKHRWKHUWZRVWUDWLILFDWLRQDQG
IRU DOO WKUHH DJHLQJ WLPHV7KH GHIOHFWLRQ DOVR LQFUHDVHV GXULQJ DJHLQJ WLPH IRU$(52 WKH LQFUHDVH LV
IURPWRPP
&RQFOXVLRQDQGIXUWKHUZRUN
)URPWKHSUHOLPLQDU\UHVHDUFKFDUULHGRXW LW LVREVHUYHG WKDWDJHLQJFDXVHVDZHLJKW LQFUHDVH LQ WKH
PDVV RI WKH FDUERQ HSR[\ FRPSRVLWH DV PRLVWXUH LV DEVRUEHG WUDQVYHUVHO\ LQWR WKH VSHFLPHQ DV LQ
DFFRUGDQFH ILQGLQJV E\ 5D\ >@ 'XULQJ WKH HDUOLHU DJHLQJ SHULRG WKH FRPSRVLWH LV IRXQG WR EH PRUH
EULWWOH WKDQ ZKHQ WKH VSHFLPHQ LV DJHG IRU D ORQJ SHULRG RI WLPH (QHUJ\ DEVRUSWLRQ LV REVHUYHG WR
LQFUHDVHZLWKLQFUHDVLQJDJHLQJWLPHWKXVVKRZLQJDSRVVLEOHDOWHUDWLRQLQWKHPDWUL[RIWKHFRPSRVLWH
7KHGDPDJHDUHDIURPWKH&VFDQUHVXOWVLVFRQVWDQWIRU$(52DQG4,4+RZKHUHDVWKHGDPDJHDUHD
LVVHHQWRLQFUHDVHOLQHDUO\IRU4,4+R7KHGDPDJHGXHWRLPSDFWLVJHQHUDOO\VPDOOHUIRU4,4+R
WKDQWKDWRI$(52)XUWKHULQYHVWLJDWLRQLVUHTXLUHGWRVWXG\WKHLQIOXHQFHRIDJHLQJVLQFHDJHQHUDOWZR
GLPHQVLRQDOFVFDQLVLQVXIILFLHQWWRYLHZWKHHIIHFWVRIDJHLQJZKLFKZLOOEHUHVROYHGE\DQDO\]LQJWKH
WKUHHGLPHQVLRQDOPRUSKRORJ\YLDWKUHHGLPHQVLRQDOFVFDQDQGPLFURVFRSH
5HIHUHQFHV
>@*$6FKRHSSQHUDQG6$EUDWH'HODPLQDWLRQWKUHVKROGORDGVIRUORZYHORFLW\LPSDFWRQFRPSRVLWHODPLQDWHV&RPSRVLWHV
3DUW$DSSOLHGVFLHQFHDQGPDQXIDFWXULQJ
>@6$EUDWH,PSDFWRQFRPSRVLWHVWUXFWXUHVVWHG1HZ<RUN&DPEULGJH8QLYHUVLW\3UHVV
>@%&5D\7HPSHUDWXUHHIIHFWGXULQJKXPLGDJHLQJRQLQWHUIDFHVRIJODVVDQGFDUERQILEHUVUHLQIRUFHGHSR[\FRPSRVLWHV
-RXUQDORI&ROORLGDQG,QWHUIDFH6FLHQFH
>@6$+LWFKHQDQG50-.HPS7KHHIIHFWRIVWDFNLQJVHTXHQFHRQLPSDFWGDPDJHLQDFDUERQILEUHHSR[\FRPSRVLWH
-RXUQDORI&RPSRVLWHV
>@*&DSULQR9/RSUHVWR'6DQWRUR%DOOLVWLFLPSDFWEHKDYLRXURIVWLWFKHGJUDSKLWHHSR[\ODPLQDWHV&RPSRVLWHV6FLHQFH
DQG7HFKQRORJ\
>@5$PEX)$\PHULFK)*LQHVX33ULROR$VVHVVPHQWRI1'7LQWHUIHURPHWULFWHFKQLTXHVIRULPSDFWGDPDJHGHWHFWLRQLQ
FRPSRVLWHODPLQDWHV&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\
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